Children with steroid-dependent, relapsing idiopathic nephrotic syndrome (SDRNS) have a favorable long-term outcome (The International Study of Kidney Disease in Children 1981). However, continuous moderate to highdose administration of predonisolone (PDN) to maintain clinical remission is often associated with serious adverse effects (Ruth et al. 2005) . In this context, cyclosporine A (CsA) has been reported to be an effective steroid-sparing agent for patients with SDRNS, and has been commonly administered twice daily (TDD protocol) under trough blood level monitoring (C 0 ) (Hino et al. 1998; Inoue et al. 1999; Kano et al. 1999; El-Husseini et al. 2005) .
The recently developed oral microemulsion of CsA is considered to overcome its potential malabsorption. Its efficacy and safety when administered once daily [singledaily dose (SDD) protocol] under peak or 2-hour post-dosing blood level monitoring (C 2 ) in patients with SDRNS has also been reported (Tanaka et al. 2004; Nakahata et al. 2005; Rasche et al. 2007; Takeda et al. 2007) . However, there is no consensus as to whether the SDD protocol of CsA is as effective as the TDD protocol in children with SDRNS. We, therefore, have retrospectively evaluated the efficacy and safety of the SDD versus the TDD protocol for CsA administration in children with SDRNS.
Methods

Patients
From January 1998 to September 2005, 31 children with SDRNS were treated with CsA at the Department of Pediatrics, Hirosaki University Hospital. Of them, patients who received CsA of previous formula were excluded from this study. Thus, 19 consecutive children aged 9.9 ± 4.2 years who received microemulsion formula of CsA as an initial CsA treatment were retrospectively evaluated. The definition and criteria for the diagnosis of SDRNS, and for the remission and relapse of this condition were the same as those used in the International Study of Kidney Disease in Children (The International Study of Kidney Disease in Children 1981). Renal biopsies were performed in 15 of the 19 patients before CsA treatment, and all specimens presented minor glomerular abnormalities without any evidence of immunecomplex depositions except for the podocyte detachment in electron microscopic examination.
Treatment protocol
SDD group: Between 2002 and 2005, 10 patients with SDRNS on their most recent relapse were administered escalating doses of PDN. Thereafter, they were treated with CsA according to the SDD protocol, with an initial daily dose of approximately 2.0 mg/kg preprandial. The dose was subsequently adjusted so that the whole blood level 2 hours after dosing (C 2 ) was in the range of 600-800 ng/ml (Nakahata et al. 2005 ). More than 6 months prior to the start of CsA treatment, a trial of cyclophosphamide (CPA) at the dose of 1.5-2.0 mg/kg/day for 8-12 weeks had proved ineffective, in terms of steroidsparing effect and reduction in the frequency of relapses, in 3 of the 10 patients.
TDD group: Between 1998 and 2001, nine patients with SDRNS on their most recent relapse were treated with CsA according to the TDD protocol after the children had attained remission with PDN therapy. CsA was started at a dose between 2.0 and 4.0 mg/kg/ day in 2 divided doses after meals, and subsequently adjusted so that the whole blood trough level (C 0 ) was maintained in the range of 50-100 ng/ml. Treatment with CPA prior to the start of CsA therapy had proved ineffective in 8 of the 9 patients.
All the patients had a long history of SDRNS, and were on continuous PDN therapy, administered according to our treatment protocol for minimal-change nephrotic syndrome (Tanaka et al. 2004; Nakahata et al. 2005) . After the start of CsA, the PDN dose was gradually tapered (0.2 mg/kg on alternate days per 4 weeks) down to the minimal dose required for maintenance of clinical remission, or discontinuation, based on the clinical status of each patient. Since all patients were refractory SDRNS, treatment duration with CsA was relatively long.
Clinical observations
The minimal PDN dose required for maintenance of clinical remission, the calculated relapse rate (times per year) and the GFR estimated using Schwartz' formula (Schwartz 1992) were determined at baseline, and at a mean of 30.6 months (range 13-68 months) after the start of CsA.
Post treatment renal biopsies were performed in 5 patients of the SDD group, after a mean of 20 months (range 9-36 months) from the start of CsA, and in the 9 patients of the TDD group, after a mean of 27 months (range 20-36 months) from the start of CsA.
Statistical analysis
Data are expressed as the mean±S.D., and were analyzed by Wilcoxon's U test and Mann Whitney's U test using Stat View Graphics (Abacus Concepts Inc., Berkeley, CA.) computer software. A P value of less than 0.05 was considered statistically significant.
Results
The baseline clinical characteristics of the 19 patients are shown in Table 1 . There were 7 boys and 3 girls, with a median age of 10.7 years (range 3.7-15.4 years) at entry in the SDD group, and 9 boys, with a median age of 9.6 years (range 5.1-14.8 years) at entry in the TDD group. All 15 pre-CsA treatment renal biopsy specimens presented minor glomerular abnormalities without tubulointerstitial lesions. Blood pressure and renal function were normal in all patients.
The daily CsA dose (mg/kg) and the C 0 level of the drug (ng/ml) differed significantly between the two groups, being lower in Group A. Whereas, the C 2 level of CsA was higher in the SDD group (Table 1) . The calculated 0-to 4-hour area under the concentration time curve (AUC 0-4 ) of CsA in the SDD group patients were within the range between 1660 ng × hour/ml and 2460 ng × hour/ml. Unfortunately, the AUC 0-4 value of the drug in the TDD group patients was not examined.
After the start of CsA, the minimum dose of PDN required to maintain clinical remission was significantly lower at the post-treatment evaluation, compared to the respective value at baseline in both groups ( Table 2) . As a result, PDN could be withdrawn in 4 of 9 (44.4%) patients in the SDD group, and 3 of 10 (30%) patients in the TDD group during the CsA treatment period. After the discontinuation of CsA, none of the patients in either group showed a decrease in the estimated GFR. The calculated relapse rate (times per year) post CsA treatment was significantly lower in both groups than that during CsA treatment (P<0.01, respectively).
Although the mean follow-up period from CsA treat- 
Variable SDD group (n =10) TDD group (n =9)
Age at onset (years) 8.9 ± 5.6 (2.8 -14.5) 7.8 ± 3.8 (3.7 -13.6) Age at the start of CsA (years) 10.7 ± 5.0 (3.7 -15.4) 9.6 ± 3.8 (5.1 -14.8) CsA dose (mg/kg per day)
1.5 ± 0.4 (0.9 -2.1) 3.3 ± 0. ment was significantly shorter in the SDD group, 30% (3/10) of patients in the SDD group and 33% (3/9) of those in the TDD group achieved long-sustained remission without medication. Seven (70%) patients in the SDD group and 6 (67%) in the TDD group experienced relapses, and one patient in the TDD group developed frequent relapses thereafter.
Except for one case in the TDD group, none of the renal biopsy specimens obtained after treatment showed any evidence of CsA nephrotoxicity. The patient in whom mild nephrotoxicity (a hyperplasia of the juxtaglomerular apparatus and a mild arteriolar hyalinosis which was confirmed by scheduled renal biopsy) was observed was a 15-year-old boy who had been treated with CsA according to the TDD protocol for 48 months. However, his estimated GFR remained normal throughout the clinical course, and CsA was successfully discontinued thereafter. No serious adverse effects, such as major or minor infections due to CsA treatment, liver dysfunction, hypertension or gingival hypertrophy were observed in any of these patients.
Discussion
It has been shown that long-term moderate to low-dose CsA according to the TDD protocol is effective and relatively safe for children with SDRNS (Hino et al. 1998; Inoue et al. 1999; El-Husseini et al. 2005) . However, CsA nephrotoxicity remains a major problem (Hino et al. 1998; Inoue et al. 1999; Iijima et al. 2002) . In this regard, it has been reported that young age at the start of CsA treatment, a high frequency of relapses during CsA treatment, CsA treatment for more than 2 years, and the duration of heavy proteinuria while on CsA treatment are significant risk factors for the development of CsA nephrotoxicity (Inoue et al. 1999; Iijima et al. 2002) . In this context, Takeda et al. reported that once-daily administration of CsA prevented progression of chronic CsA nephrotoxicity, and that the administration of low doses of CsA following the SDD protocol could shorten the exposure to the drug (Takeda et al. 2007 ). Thus, the development of an optimal CsA treatment strategy for SDRNS, with the lowest possible dose of CsA was sought to minimize treatment toxicity, while maintaining its efficacy (Nakahata et al. 2005; Fujinaga et al. 2008) .
In this paper, we retrospectively evaluated the usefulness and safety of long-term CsA treatment using the SDD protocol versus the TDD protocol in children with SDRNS. Although the daily CsA dose and the C 0 level of the drug were significantly lower in SDD patients than that in TDD patients, no significant differences were observed in terms of steroid-sparing effect, decrease in the calculated relapse rate following CsA treatment, and influence on the estimated GFR between the two groups. As a result, the long-term efficacy of CsA did not differ substantially between the two groups, although the observation period was relatively longer for TDD patients. Posttreatment renal biopsies also suggested the relative safety of CsA treatment administered in accordance with the SDD protocol (Tanaka et al. 2006a) . We think that the C 2 point blood level of CsA achieved with the SDD protocol accounted for an efficacy equal to that attained with the TDD protocol, while the low C 0 blood level of the drug probably accounted for its safety, although this remains speculative (Nakahata et al. 2005; Takeda et al. 2007 ). We previously confirmed that the C 2 point blood level of CsA showed a reliable correlation with the AUC 0-4 value of the drug in most patients with SDRNS (Nakahata et al. 2005; Tanaka et al. 2006b; Takeda et al. 2007) . Although the most appropriate target AUC 0-4 value of CsA for the treatment of SDRNS remains speculative, it has been reported that around 2000 ng × hour/ml might be appropriate for renal transplant patients in the maintenance phase (Uchida et al. 2004 ). Indeed, we have confirmed most SDRNS patients, not all the patients, respond well to the SDD protocol in this AUC 0-4 setting of the drug. Thus, we also think that supposed adequate target AUC 0-4 value of CsA for the treatment of SDRNS is around 2000 ng × hour/ ml (Tanaka et al. 2006b ). Fujinaga et al. (2008) recently reported they had obtained limited efficacy of the SDD protocol in CsAdependent patients. We also experienced a patient with CsA-dependent, long-standing SDRNS in whom the TDD protocol was needed to achieve clinical remission while the SDD protocol proved ineffective despite the sufficient C 2 point blood level of the drug (Tanaka et al. 2006b ). Thus, in a proportion of patients with SDRNS, it may be necessary to inhibit the calcineurin expressed by lymphocytes more than once a day for a successful treatment. Further studies are needed to resolve this issue. Despite a retrospective study that involved a small number of patients and that insufficient data were obtained from posttreatment renal biopsies, we suggest that CsA treatment using the SDD protocol is at least as effective as treatment with the conventional TDD protocol, and it is attractive in terms of substantial savings in costs for children with SDRNS. Moreover, this protocol may improve treatment compliance. We, therefore, suggest that CsA administered once daily may serve as an initial alternative therapy to PDN alone in selected patients with SDRNS. However, it is difficult to arrive at a definitive conclusion based on the results of this study. Further prospective studies involving a larger number of patients are needed to confirm our preliminary results.
